To assess the rate and type of maternal and infant complications among pregnant women receiving lowmolecular-weight heparin (LMWH). Retrospective study of pregnant women on LMWH referred to two university hematology clinics from January 2001 to December 2010. We recorded the number of pregnancies, indication, dose and dose adjustments for LMWH, pregnancy outcomes (live births, maternal and infant complications) and side effects of LMWH. There were 89 pregnancies in 76 women. The most common indication for LMWH was a history of adverse outcome of pregnancy associated with thrombophilia. LMWH was adjusted in 75 and 45% of pregnancies in women on therapeutic and prophylactic doses, respectively. Live birth rate was 97%. There were 25 maternal and 11 infant complications. Side effects were minimal and included decreased bone mineral density and bleeding. LMWH use among pregnant women is associated with successful pregnancy outcomes. Although side effects were minimal, maternal and infant complications occurred in 28 and 12% of cases, respectively. Blood Coagul
Introduction
Low-molecular-weight heparins (LMWH) have largely replaced unfractionated heparin (UFH) for the prophylaxis and management of venous thromboembolism (VTE). The advantages of LMWH over UFH include an enhanced anti-Xa to anti-IIa ratio resulting in a more stable and predictable dose-response curve with no routine monitoring, and reduced risk of bleeding, osteoporosis and heparin-induced thrombocytopenia (HIT) [1] . In the context of pregnancy, LMWH is used for prophylaxis and treatment of VTE and may be used for prevention of systemic embolism in women with mechanical heart valves [2, 3] . LMWH is also administered for VTE prophylaxis in women with highrisk hereditary thrombophilia [4] and has been prescribed in women with previous history of adverse outcomes of pregnancy (AOP) [5, 6] .
Published guidelines recommend the use of LMWH for prophylaxis and treatment of VTE in pregnancy [4, 5] . However, although widely used in pregnancy [7] , LMWH remain an off-label indication. The type of LMWH used, dosing regimens, and target anti-Xa levels and frequency of anti-Xa monitoring are highly variable in the pregnant population and have been derived from pilot, observational studies, and empirical evidence [1, 8] . Additionally, the use of LMWH for prevention of recurrent pregnancy losses remains controversial in women with inherited and acquired thrombophilia [9, 10, 11, 12] . Nevertheless, several studies have confirmed the safety of LMWH therapy during pregnancy and the low risk of potential maternal and infant side effects [7, 13] .
The purpose of our study was to evaluate the maternal and infant complications and side effects associated with the use of LMWH in pregnancy.
Methods

Study population and data collection
We retrospectively evaluated the electronic medical records of 89 pregnancies in 76 women, who were referred to our hematology clinic for LMWH anticoagulation monitoring during pregnancy at two university medical centers (Mount Sinai Medical Center and New York Presbyterian Hospital-Weill Cornell Medical Center) from January 2001 to December of 2010. Data collected included: age, type of pregnancy defined as natural or with assisted reproductive technique (ART), indications and dosing regimen for LMWH (prophylactic or therapeutic) and postpartum thromboprophylaxis. Peripartum management of anticoagulation, type of anesthesia used and mode of delivery were recorded.
Anticoagulation was used for a variety of indications including a new diagnosis or history of vascular thrombosis (arterial and/or venous), inherited or acquired thrombophilia, a history of AOP, or a combination of the above indications ( Fig. 1 ). Vascular thrombosis was classified as venous: deep-vein thrombosis and/or pulmonary embolism or as arterial thrombosis: stroke.
Thrombophilia was classified as either inherited or acquired. Inherited thrombophilia included deficiencies in antithrombin, protein C and S, and Factor V Leiden, and prothrombin gene G20210A mutations. Acquired thrombophilia was characterized by the presence of antiphospholipid antibodies defined as anticardiolipin antibodies (IgG > 20 GPL and/or IgM > 20 MPL) and/ or anti-b 2 glycoprotein 1 IgG or IgM above the 90th percentile and/or positive lupus anticoagulant (LAC) in two different occasions at least 12 weeks apart [14] . Previous history of AOP included recurrent unexplained pregnancy losses, preeclampsia, hemolysis, elevated liver enzymes and low platelets (HELLP) syndrome, placental abruption, intrauterine growth restriction (IUGR), and stillbirth.
The dosing regimen was classified as prophylactic (40 mg subcutaneously once daily for enoxaparin or 5000 IU subcutaneously for dalteparin) or therapeutic (1 mg/kg SC every 12 h for enoxaparin). Therapeutic LMWH was administered in women who were on chronic anticoagulation prior to the pregnancy for primary thromboprophylaxis of arterial embolism or for secondary thromboprophylaxis of venous thromboembolism.
Anti-Xa activity was measured 4 h after LMWH administration. The anti-Xa activity range in both institutions is between 0.6-1.1 IU/ml and between 0.2-0.5 IU/ml for the therapeutic and prophylactic dose, respectively using the appropriate calibrator. Dose adjustments of LMWH were performed when the anti-Xa activity was outside the reference range.
The primary outcome measures were the frequency of maternal and infant complications. Maternal complications included anemia, hypertension, pre-eclampsia, bleeding, preterm labor and venous thromboembolism. Infant complications included IUGR, congenital defects, and seizures. Side effects of LMWH examined were bleeding, allergic reactions, thrombocytopenia, and decreased bone mineral density (BMD) among those women who underwent bone mineral densitometry testing.
Statistical analysis
Descriptive statistics (including mean, standard deviation, median, range, frequency, percentage) were calculated to characterize the study cohort. The chisquare test or Fisher's exact test was used, as appropriate, to evaluate the association between type of dosing regimen (i.e., treatment vs. prophylactic dose) and maternal complications, infant complications, dosing adjustment, type of pregnancy (natural/ART), and AOP. All P-values are two-sided with statistical significance evaluated at the 0.05 a level. All analyses were performed in SPSS Version 19.0 (SPSS Inc., Chicago, Illinois, USA).
Results
A total of 89 pregnancies in 76 women were analyzed. The mean age was 35 years and one-third of the pregnancies were achieved with ART (Table 1) . Indications for the use of LMWH are shown in Fig. 1 . The main indication for the use of LMWH was a previous history of AOP with an identified thrombophilia. LMWH dose adjustments are shown in Fig. 2 . Nearly three-quarters of the pregnancies in women, who received treatment dose LMWH and half of pregnancies in those who received prophylactic dose required dose increments during the course of pregnancy. Women, who received prophylactic dose LMWH were less likely to have their dose adjusted compared with women on the therapeutic dose (44.9 vs. 75.0%, respectively, P ¼ 0.02).
LMWH was replaced by UFH in the third trimester (at approximately 36 weeks of gestation) in more than half of the pregnancies ( Table 2 ). LMWH was switched to UFH (5000 units subcutaneously every 12 h) in 59% of pregnancies in women receiving the prophylactic dose and in 58% of pregnancies in women receiving the therapeutic dose, respectively, P ¼ 0.99). The therapeutic UFH dose was calculated as 250 IU/kg subcutaneously every 12 h or continuous infusion of 18 IU/kg per hour. Therapeutic subcutaneously UFH was stopped 24 h prior to delivery whereas IV UFH was discontinued 4 h prior to labor induction.
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antithrombin replacement was administered at the time of delivery. One pregnant woman with hereditary antithrombin deficiency received recombinant human antithromin (AT a-ATryn) as part of a clinical trial, another with hereditary AT deficiency received ATIII-DAF/DI (a plasma-derived AT) also on a clinical trial and the other three pregnancies in two patients with hereditary antithrombin deficiency were managed with plasmaderived antithrombin (Thrombate) at the time of delivery.
Peripartum management of anticoagulation, anesthesia (regional versus general) used and modes of delivery (vaginal versus cesarean section [C-section]) are shown in Table 2 . Postpartum thromboprophylaxis was administered in 83% of the women. Regional anesthesia was used in 73% of the pregnancies. Induced delivery occurred in 57% ( Table 2 ).
There were 25 maternal and 11 infant complications ( Fig. 3 ). Women, who had maternal complications were on average 3 years older than women without complications (37 vs. 34.5 years, P ¼ 0.02). Maternal complications were identical for women receiving therapeutic and prophylactic dose LMWH (30.0 vs. 29.9%, respectively, P ¼ 0.99). Two women on postpartum thromboprophylaxis developed pulmonary embolism (one within 72 h after a C-section and another approximately 8 weeks after C-section). Infant complications tended to be more prevalent among women receiving therapeutic compared with prophylactic dose (21.1 vs. 9.1%, respectively, P ¼ 0.15; trend indicated). Infant complications were similar regardless whether the pregnancy was achieved naturally or with ART (14.3 vs. 11.1%, respectively; P ¼ 0.70). The 21 pregnancies with ART comprised 17 IVF and four intra-uterine insemination pregnancies. Maternal age did not affect the incidence of infant complications.
The most common side effect was decreased BMD in eight women, followed by bleeding (n ¼ 6), and thrombocytopenia (n ¼ 1). Decreased BMD was less prevalent among women receiving therapeutic dose than prophylactic dose (16.7 vs. 33.3% respectively, P ¼ 0.63). However, this analysis is underpowered as there were no BMD examinations performed in 63 pregnancies and there were no prepregnancy BMD examinations performed for comparison. None of the bleeding complications were major. However there was one woman with a clinically significant vaginal bleeding (due to subchorionic hematoma) in the first trimester that required temporary interruption of prophylactic LMWH. One woman developed mild thrombocytopenia.
Discussion
Our study among pregnant women with a broad variety of indications for LMWH anticoagulation demonstrated a high live-birth rate. Although side effects were minimal, there were several maternal and infant complications associated with the use of LMWH. We also found that dose adjustments were required in 75% of pregnant women on therapeutic LMWH, and in 45% of women 
(45%)
Dose adjustment for low-molecular-weight heparin was required in 75 and 45% of pregnant women on therapeutic and prophylactic doses, respectively. The most common maternal complication was hypertension and the most common infant complication was intrauterine growth restriction.
There was one death due to umbilical cord accident.
on prophylactic dose during the second and third trimester of pregnancy.
The most common maternal and infant complications were hypertension and IUGR, respectively. Of note, there was no relationship between the dose of LMWH and the occurrence of maternal complications. However, there was a trend towards a greater number of infant complications in the pregnancies managed with therapeutic dose LMWH. We were not able to identify any variable that could account for this finding. However, in contrast to what is described in the literature, we did not find any relationship between the type of pregnancy (ART or natural) and the rate of infant complications [18] .
There were very few side effects related to the use of LMWH with decreased BMD being the most prevalent. However, our study was underpowered to analyze for decreased BMD as the majority of our pregnant women did not have BMD examinations. A recent study suggested that the use of long-term prophylactic LMWH in pregnancy was not associated with a significant decrease in BMD [19] ; however, it remains unclear whether therapeutic dose of LMWH is a risk factor for osteoporosis. In our hematology practice, we routinely advise our pregnant women on LMWH to take calcium and vitamin D3 to minimize this side effect.
In approximately half of pregnancies, LMWH was switched to UFH in the third trimester of pregnancy mainly because of concern for potential spinal hematoma during regional anesthesia [15] . Regional anesthesia was administered in more than two-third of the deliveries and there were no complications recorded. In a recent study, 61% of women, who had a singleton birth in a vaginal delivery received epidural or spinal anesthesia [16] . About one-third of the pregnancies were delivered via cesarean section, which is in concordance with the rate of cesarean sections performed in the United States [17] .
Our study has several strengths. In contrast to published studies we evaluated a population of pregnant women, who received LMWH for a variety of clinical indications ranging from thrombophilia, history of vascular thrombosis, to previous AOP or combinations of these disorders.
We believe our study is more representative of 'realworld' practice at a tertiary care hematology setting. This is illustrated by the five pregnancies in four women with hereditary antithrombin deficiency, all of whom received antithrombin replacement at the time of delivery, another patient with two mechanical heart valves (mitral and aortic), and a 44-year old woman with a myeloproliferative neoplasm, who is homozygote for the JAK2V617F.
Recent national society guidelines recommend monitoring of anti-Xa activity in pregnant women managed with therapeutic dose of LMWH [4] . In our study, dose adjustments occurred more frequently (75%) with therapeutic doses of LMWH and in 45% of pregnancies on prophylactic LMWH. These findings suggest that monitoring anti-Xa activity (targeting anti-Xa level between 0.2 and 0.5 IU/ml) may also be required even with prophylactic use of LMWH during pregnancy. This may be related to the known increase in glomerular filtration rate and rate of elimination of LMWH that occurs as the pregnancy progresses [20] . Roeters van Lennep et al. [21] recently reported that although prophylaxis with LMWH during pregnancy and postpartum was well tolerated, the risk of pregnancy-related VTE was considerable in women at high risk for VTE. The authors suggested that prophylactic dose of LMWH may not be sufficient for these pregnant women. Indeed, two women in our study developed postpartum venous thrombosis while receiving prophylactic doses of LMWH.
Our study has important limitations including its retrospective design, the relatively small sample size, and performance in a single hematology clinic practice. It is important to note that our pregnant women were very closely followed in our hematology clinics with the majority of them monitored on a monthly basis. Close communication with the referring obstetrician was maintained during the antepartum and peripartum period. Finally, the average age of 35 years of our pregnant women is 10 years older than the average age (25 years) of pregnant women in the United States [22] , reflecting a referral bias of our study population.
In conclusion, LMWH use among pregnant women with various indications for anticoagulation was associated with successful pregnancy outcomes in the vast majority of cases. Although side effects were minimal, maternal and fetal complications occurred in 28 and 12% of cases, respectively. Our findings suggest that monitoring of anti-Xa activity needs to be considered when prophylactic dose of LMWH is used in pregnancy, as almost half of our pregnant women receiving prophylaxis required dose adjustments. Further multicenter prospective studies and international registries of pregnant women on LMWH are necessary to broaden our knowledge in optimizing the care of women who require anticoagulation during pregnancy.
